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(54) Planar antenna structure 

(57) The invention relates to planar antennas the 
structural components of which include a parasitic ele- 
ment. The antenna structure comprises a PIFA-type 
stmcture (230, 210, 202) to be placed inside the covers 
of a mobile station. The PIFA is fed parasitically e.g. 
through a conductive strip (240) placed on the same in- 
sulating board. The feed conductor (203) of the whole 
antenna stnjcture is in gah^anic contact with this feed 
element; a short-circuit point the feed element doesnt 
have. The feed element (240) also serves as an auxiliary 
radiator The resonance frequencies of the antenna el- 
ements or their parts are arranged according to need so 
as to overiap, to be close to each other or to be relatively 
wide apart. The structure may also comrise a whip ele- 
ment in connection with the feed element. According to 
the invention, a relathrely simple structure provides a re- 
liable dual resonance and, hence, a relatively wideband 
antenna when the resonances are close to each other. 
Moreover, no polarization rotation takes place in the an- 
tenna radiation inside the frequency band realized 
through the dual resonarm. 
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Description 

[0001] The invention relates to planar antennas the 
structural parts of which include a parasitic element The 
antenna finds particular utility in mobile stations which 
require a relatively wide band or which are to be used 
in two or more frequency bands. 
[0002] In portable radio apparatuses, especially in 
mobile stations, the antenna requirements have be- 
come more severe. As the devices continue to shrink in 
size, the antenna naturally has to be small; preferably it 
is placed inside the covers of the apparatus. On the oth- 
er hand, together with the introduction of new frequen- 
cies there has been a growing demand for mobile sta- 
tions In which the antenna must function in two or more 
frequency bands. In addition, in dual-band antennas the 
upper operating band at least should be relatively wide, 
especially if the device in question is to be used In more 
than one system utilizing the 1 .7 to 2-GHz range. 
[0003] Antenna requirements may be met through 
various structural solutions. The solution according to 
the present Invention Is based on the application of a 
parasitic element in planar antennas. Several such 
structures are Icnown in the art. Typically they comprise 
a printed circuit board with a ground plane on one sur- 
face and a conductive region connected to an antenna 
feed tine and at least one parasitic conductive region on 
the other surface. Such a structure is shown in Figs. 1a, 
b. Rg. 1 a shows a top view of an antenna 1 00, and Fig. 
lb shows a side view of a cross section of the same 
antenna. The structure comprises a dielectric plate 108. 
On the upper surface of the plate 1 08 there are conduc- 
tive regions 120 and 130 which function as radiating el- 
ements. On the lower surface of the plate 1 08 there \s 
a conductive region 110 which covers the whole surface 
and functions as a ground plane. The first radiating el- 
ement 1 20 Is connected at a point F through a feed con- 
ductor 1 02 to a source feeding the antenna. In addition, 
the element 120 is short-circuited to ground at a point S 
through conductor 103 so as to improve the electrical 
characteristics, such as impedance matching, of the an- 
tenna. The resulting structure Is called a planar inverted 
F antenna (PIFA). The second radiating element 130 is 
parasitic, i.e. there is only an electromagnetic coupling 
between it and the first element 120. It, too, may have 
a short-circuit point. The purpose of the parasitic ele- 
ment is to further improve the electrical characteristics, 
such as bandwidth or radiation pattem, of the antenna. 
[0004] One drawback of the above-descrik>ed anten- 
nas according to the prior art is that their bandwidth is 
not always large enough for modem communications 
devices. Radiating elements may be designed such that 
the bandwidth is Increased through two adjacent reso- 
nance frequencies, but then the disadvantage of the 
structure Is that the structure is relatively complex as 
regards ensuring reliable operation. An additional dis- 
advantage of an element, whfch has two adjacent res- 
onances, Is that the polarization of Its radiation rotates 
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Inside the band. Moreover, it is a disadvantage of the 
structures described above that they are sensitive to the 
effect of the user's hand, for example. If a finger, for In- 
stance, is placed over the radiating element of a PIFA 
5 on the outer cover of the apparatus, the operation of the 
PIFA will be impaired. 

[0005] An object of the Invention Is to reduce the 
above-mentioned disadvantages associated with the 
prior art. The antenna stmciure according to the inven- 

10 tion is characterized by what is specified In the inde* 
pendent daim 1 . Advantageous ennbodiments of the in- 
vention are specified in the dependent claims. 
[0006] The basic idea of the invention is as follows: 
The antenna structure comprises a PIFA-type element 

15 to be placed inside the covers of a mobile station. The 
PIFA is fed parasiticalty e.g. through a conducthre strip 
on the same insulating board. The feed conductor of the 
whole antenna structure is connected galvanlcally to 
this feed element; a short-circuit point the feed element 

20 doesnt have. At the same time the feed element serves 
as an auxiliary radiator. The ground plane of the antenna 
is a separate element located relatively far away from 
the radiating elements. The resonance frequencies of 
tine antenna elements or their parts are an^anged ac- 

25 cording to need so as to overiap, to be close to each 
other or to be relatively wide apart. The structure may 
also comrise a whip element in connection with the feed 
element. 

[0007] An advantage of the invention Is that with a rel- 

30 atively simple structure a reliable dual resonance can 
be achieved and, hence, a relatively wideband antenna 
when the resonances are close to each other. Another 
advantage of the invention is that a relatively large gain 
can be achieved for the antenna by utilizing overtapping 

35 resonances. A further advantage of the invention is that 
the antenna can be easily made a dual-band antenna 
by arranging the resonance frequencies such that they 
fall into the frequency bands used by the desired sys- 
tems. A still further advantage of the inventbn is that no 

40 polarization rotation will take place In the antenna radi- 
ation inside the frequency band realized through the du- 
al resonance. A yet further advantage of the invention 
is that the manufacturing costs of the structure are rel- 
atively low as it is simple and suitable for series produc- 

45 tion. 

[0008] The invention Is described in detail in the fol- 
lowing. The description refers to the accompanying 
drawings, in which 

50 Rg. 1 shows an example of an antenna structure ac- 
cording to the prior art. 

Rg. 2 shows an example of an antenna structure ac- 
cording to the invention. 

55 

Rg. 3 shows another example of an antenna struc- 
ture according to the Invention. 
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Fig. 4 shows other examples of antenna element 
design, 

Fig. 5 shows an antenna according to the invention 

with an additional whip element. s 

Rg. 6 shows an example of the frequency charac- 
teristics of an antenna according to the Inven- 
tion, and 
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Fig. 7 shows an example of a mobile station 
equipped with an antenna according to the in- 
vention. 

[0009] Fig. 1 was already discussed in conjunction is 
with the description of the prior art. 
[0010] Fig. 2 shows an example of an antenna struc- 
ture according to the invention. In this example the an- 
tenna 200 comprises a ground plane21 0 and a paraltely 
positioned dielectric plate 208, attached to the ground so 
plane through insulating pieces such as 205. On the out- 
er surface, as viewed from the ground plane, of the di- 
electric plate 208 there are two separate planar conduc- 
tive regions: a parasitic element 230 and feed element 
240. On the ground-plane-side surface of the dielectric 25 
plate 208 there are no conductive regions. The parasitic 
element is short-circuited at a point S to the ground 
plane through conductor 202. The radiating parasitic el- 
ement 230. short-circuit conductor 202 and ground 
plane thus constitute the PIFA-part of the antenna. The 30 
feed conductor 203 of the whole antenna structure is in 
galvanic contact with the feed element 240 at a point F. 
The feed element has two functions. It, too, serves as a 
radiating element and, on the other hand, it transfers 
energy through an electromagnetic coupling to the field 35 
of the parasitic element. Antenna characteristics are 
naturally dependent on the relative positions of the ele- 
ments: the wider apart the elements, the smaller the 
bandwidth of a single-band antenna and. correspond- 
ingly, the greater the Q value. 40 
[0011] In the example of Fig. 2 the parasitic element 
has a slot 235 which divides the element, viewed from 
the short-circuit point S, into two branches the lengths 
of which are not equal. The PI FA thus has got two nat- 
ural frequencies. In the example depicted the feed ele- 45 
ment has a slot 245 which is used to give a desired 
length for the feed element, viewed from the feed point 
F. The frequency characteristics of the antenna depend, 
in addition to the length and mutual distance of the fac- 
ing edges of the elements, on the resonance frequen- so 
cies of the elements and on their distance from the 
ground plane. Each resonance frequency depends on 
the length of the element or its branch. With the structure 
of Rg. 2 ft is f>ossible to arrange the dimensions of the 
elements such that the resonance frequency of the long- 55 
er branch of the parasitic element 230 falls Into the fre- 
quency band of the GSM 900 system (Globai System 
for MobQe telecommunications), for example, and the 



resonance frequencies of the shorter branch of the par- 
asitic element and feed element fall into the frequency 
band of the GSM 1 800 system. By taking the latter two 
resonance frequencies further apart from each other the 
con-esponding frequency band gets wider until it is split 
into two separate frequency bands. It is substantial in 
the invention that the parasitic element is short-circuited 
but the feed element is not. Using these ways to produce 
adjacent resonance frequencies one can achieve rela- 
tively large bandwidths more simply than in the prior art. 
Another significant fact is that no polarization rotation 
occurs in the antenna radiation inside the frequency 
band realized by means of the dual resonance, unlike 
in corresponding structures according to the prfor art. 
[0012] Rg. 3 shows another example of an arrange- 
ment according to the Invention. It comprises a planar 
feed element 340. planar parasitic element 330 and. be- 
hind those, a ground plane 31 0. In this example, too, the 
parasitic element Includes a slot which divides the 
plane, viewed from the short-circuit point S, into two un- 
equally long branches so as to produce a dual-band an- 
tenna. The feed conductor of the whole antenna struc- 
ture is at point F in galvanfc contact with the feed ele- 
ment 340. The difference from the structure of Fig. 2 is 
that now the parasitic element and feed element are not 
conductive regions on the surface of a dielectric plate 
but discrete and rigid conductive bodies. 
[0013] Figs. 4a-d show additional examples of anten- 
na element design according to the invention. In each 
of the Rgures 4a. 4b and 4c the parasltk: element 431 ; 
432; 433 is a dual-frequency element and the feed ele- 
ment 441 ; 442; 443 has dimensions such that its reso- 
nance frequency comes relatively close to the upper 
resonance frequency of the parasitic element. The 
ground plane, not shown. Is at a distance that equals a 
little less than half of the shorter side of the rectangle 
formed by the radiating elements. These structures are 
suitable for communfcations devbes designed to func- 
tion in the GSM 900 and GSM 1800 systems, for exam- 
ple. In Fig. 4d the parasitic element 434 has got two 
branches as well. Now, however, the structural dimen- 
sk>ns of both saki parasitk: element and the feed ele- 
ment are chosen such that all resonance frequencies of 
the antenna fail into the frequency band 1900 to 2170 
Ml-lz aiiocated to the Universal Mobile Telecommunk:a- 
tion System (UMTS), for example. 
[0014] Rg. 5 shows an embodiment in whk:h an an- 
tenna according to the invention is supplemented with 
a whip element. The bask: structure is similar to that of 
Rg. 2. In addition, there is a whip element 550. shown 
in Its extended position. In this example It is thus in gai- 
vanfc contact with the feed element 540 through a con- 
nection piece 551. The mechanism that presses the 
connection piece against the feed element is not shown. 
The whip Is coupled to that end of the feed elentent 
whfch IS opposite to the feed point F. By means of the 
feed element can be arranged the electrk^ai length of 
the whip greater than Ite physteai length. The whip is 
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made to resonate e.g. in the upper frequency band of 
the PI FA part. When the whip is In its pushedHn position, 
there is no significant coupling between it and the other 
parts of the antenna structure. 

[0015] Fig. 6 shows an example of the frequency 
characteristics of an antenna according to the invention. 
It shows a curve 61 for the reflection coefficient S11 as 
a function of frequency. The antenna in question is de- 
signed for UMTS devices. The curve shows that In the 
UMTS frequency band the reflection coefficient of the 
antenna varies between -8...-15 dB. which indicates rel- 
atively good matching and radiation power. 
[0016] Rg. 7 shows a mobile station MS. It Includes 
an antenna structure 700 according to the invention, lo- 
cated completely within the covers of the mobile station. 
[0017] Above it was described some antenna struc- 
tures according to the Invention. The invention does not 
restrict the antenna element designs to those described 
above. Nor does the invention restrict in any way the 
manufacturing method of the antenna or the materials 
used therein. The inventionsU Idea may be applied in dif- 
ferent ways within the scope defined by the independent 
claim 1 . 



Claims 

1. An antenna structure comprising a ground plane, 
planar feed element and a planar parasitic element, 
characterized In that said feed element (240) is 
coupled to the feed conductor (203) of the antenna 
stmcture and electromagnetically coupled to said 
parasitic element (230) which is short-circuited at a 
certain point (S) to the ground plane. 

2. A structure according to claim 1 . characterized in 
that said feed element is arranged to resonate at 
.substantially same frequency as said parasitic ele- 
ment 

3. A stmcture according to dalm 1 , characterized in 
that said parasitic element (230) and said feed ele- 
ment (240) are separate conductive regions on a 
surface of one and the same dielectric plate (208). 

4. A stnjcture according to claim 1 , characterized in 
that said pcurasitic element (330) and said feed ele- 
ment (340) are separate self-supporting conducthfe 

bodies. 

5. A stmcture according to claim 1 , characterized in 
that said parasitic element, viewed from said short- 
circuit point (S). is divided into two branches having 
certain resonance frequencies. 

6. A stmcture according to claim 1 , characterized in 
that It additionally comprises a whip element whidi, 
when pulled out, is In galvanic contact with said feed 



element 

7. A radio apparatus (MS) comprising an antenna 
(700) having a ground plane, planar feed element 
5 and a planar parasitic element, characterized in 
that said feed element is coupled to the feed con- 
ductor of the antenna and electromagnetically cou- 
pled to said parasitic element which is short- 
circuited at a certain point to the ground plane. 

10 



15 



20 



25 



30 



35 



40 



45 



SO 



4 



BNSDOOO: <EP 1 128466A^.> 



EP 1 128 466 A2 




5 

JNSOOCtO: <EP 1 128468A^^ 



EP1 128 466A2 



310 



330 




340 



Fig. 3 




6 



BNSOOaO:<£PL 



J128466A2LI.> 



EP 1 128 466 A2 




NSOOaO: >£P 11iS468A«J_> 



EP1 128 466 A2 




CO 



CO 
CO 



(19) 



J 



Europglsches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP1 128 466 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

17.09.2003 Bulletin 2003/38 

(43) Date of publication A2: 

29.08^01 Bulletin 2001/35 

(21) Application number 01660016^ 

(22) Date of filing: 30.01.2001 



(51) intci.7: H01Q 9/04. H01Q 5/00, 
HOI Q 1/24, HOI Q 19/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 
MC NLPTSETR 
Designated Extension States: 
AL LT LV MK RO Si 

(30) Priority: 24.02.2000 Fl 20000437 

(71) Applicant: Filtronic LK Oy 
90440 Kempele (Fl) 



(54) Planar antenna structure 



(57) The invention relates to planar antennas the 
structural components of which include a parasitfc ele- 
ment. The antenna structure comprises a PIFA-type 
structure (230, 210, 202) to be placed inside the covers 
of a mobile station. The PIFA is fed parasitically e.g. 
through a conductive strip (240) placed on the same in- 
sulating board. The feed conductor (203) of the whole 
antenna structure is In galvanic contact with this feed 
element; a short-circuit point the feed element doesnt 
have. The feed element (240) also serves as an auxiliary 
radiator. The resonance frequencies of the antenna el- 
ements or their parts are arranged according to need so 
as to overiap. to be close to each other or to be relatively 
wide apart. The structure may also comrise a whip ele- 
ment In connection with the feed element Accon:llng to 
the invention, a relativety simple structure provides a re-, 
liable dual resonance and, hence, a relatively wideband 
antenna when the resonarw^es are dose to each other. 
Moreover, no polarization rotation takes place In the an- 
tenna radiation Inside the frequency band realized 
through the dual resonance. 
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